(p53-inducible mRNA) [21] . A mammalian homolog of PIR121 named p140Sra-1 (p140 Specifically Rac-associated protein-1), is known to interact specifically and directly with GTP-charged Rac1 through its N-terminal domain [22] . Abl interactor 2 (Abi2) is an SH3 domaincontaining protein that has been implicated in cytoskeletal function and cell migration [23] and is located at sites of actin polymerization [24] .
The complex containing inactive SCAR may be disassembled by the binding of activated Rac and Nck, presumably to PIR121 and Nap125, releasing active SCAR that is then free to contact the Arp2/3 complex [16] . This in-vitro work has yet to be proven in vivo, although a recent, unrelated study in C. elegans has implicated both PIR121 and Nap125 (termed GEX-2 and GEX-3, respectively) in regulation of cell migration and shape change [25] .
In this work we identify the proposed members of the SCAR inhibitory complex in Dictyostelium and find them to be well conserved. We show that mutants in the gene that encodes PIR121 (termed pirA in Dictyostelium) are affected in multiple aspects of cell motility in a way that is consistent with unregulated SCAR activity. We also find that SCAR protein levels are apparently regulated by their interaction with PIR121. We examined the movement of pirA Ϫ cells by using To confirm that the phenotype of the pirA null cells time-lapse microscopy (Movie 2 in the Supplemental was not generated or altered during selection for loss Data). Their motility is highly abnormal, and they are of pirA, we generated independent mutant strains by also more spread out than normal and appear to have transfecting DIR-1 diploid cells (Jason King and R.H.I., defects in adhesion. The large protrusions seen in muin press, BMC Cell Biology) to make heterozygous distant cells (Figure 1) signaling and actin polymerization seem to be relatively The highly active motility of pirA null cells leads, paraintact (see Figure 3B) . In other words, the defects in pirA doxically, to a serious slowing of overall cell movement null cells are caused by a decreased ability to orient and ( Figure 2B ). We presume that the lack of control of proin general to move effectively rather than by impaired trusion and actin polymerization is responsible for the perception or transduction of chemotactic stimuli. slow cell speed because generation of new pseudopods around the cell periphery decreases directionality and Taken together, the data in this work therefore suggest that PIR121, and by extension SCAR, is more directly involved in pseudopod modification and splitting than in de novo generation of new pseudopods. 
Loss of SCAR Protein in

Discussion
This work provides the first genetic connection between PIR121 and SCAR. We have provided in vivo support for previous work that suggested that PIR121 is a negative regulator that holds SCAR in an inactive conformation [16] . However, the phenotype we see is more complex than might be expected if loss of PIR121 disrupted connections between Rac and the Arp2/3 complex. First, there is a heavy emphasis on remodeling and splitting existing pseudopods, which has not been seen previously with mutants causing overactive Rac function. Secondly, the pathways connecting chemotactic signaling to actin polymerization seem not to be disrupted in proteins. In particular, pirA Ϫ cells usually make new over their surfaces in a nonpolar fashion (for review, see [33] ). In Dictyostelium, scar null cells are capable of pseudopods at the leading edge by subdividing and reforming actin structures and extending pseudopods, almodeling previously existing actin structures, whereas beit with less F-actin in their cells [9], whereas pirA Rac overexpressers usually initiate new pseudopods all null cells continually split existing lamellae and form numerous pseudopods. Our data therefore suggest that Dictyostelium SCAR has a major role in modification and splitting of pseudopods and other actin structures rather than in their initial generation. This role appears to be tightly controlled by PIR121 (and maybe other members of the inhibitory complex) in normal cells and is presumably controlled by signaling molecules, including Rac proteins. We have also suggested another mechanism for regulation of SCAR. We detected very little full-length SCAR protein in pirA null cells, but mRNA levels remain unchanged. This suggests that a posttranscriptional process, most likely proteolysis, is responsible for the lack of SCAR in pirA Ϫ cells. In resting wild-type cells, SCAR to downregulation at all times. It seems most likely that the absence of signaling. In the absence of SCAR, loss of PIR121 has no obvious effect. We also show that SCAR has important roles in pseudopod modification and splitting in Dictyostelium and that disruption of normal SCAR regulation leads to severe defects in this area. We suggest that once active SCAR is released from its inhibitory complex, it is rapidly removed and that this mechanism is important to the normal regulation of actin dynamics.
Experimental Procedures
Cell Culture and Development Dictyostelium cells were grown axenically in HL-5 medium at 22ЊC either in Petri dishes or in shaken flasks. For experiments requiring bacterially grown cells, Dictyostelium were plated onto lawns of Klebsiella aerogenes and harvested after 48 hr by repeated washing in KK 2 buffer. For experiments requiring developed cells, Dictyostelium were harvested from Klebsiella lawns, starved for 1 hr by being shaken in KK 2 buffer, then treated with 0.1 M cAMP every 6 min for 4 hr while being slowly shaken at a density of 2 ϫ10 7 /ml.
Generation of Gene Disruptants
The We have provided evidence that PIR121 exists in a comthey moved under the agar toward the folate stimulus by using phase contrast microscopy over the next 6-8 hr.
plex with SCAR and functions to inhibit SCAR in vivo in
